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PART I
PREPARATION AND ADDITION REACTIONS 
OF cK «CXANOSTYRENE
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CHAPTEîl 1 
fotroductlo»
Th# compound oc •cynsostsrreiio» may W eonaldcred
as being æ ryloaitrlis substituted la the ^ "poslti(m by a i^ n y l group.
&s reacUmis therefore should be stmUar to üiose of acrylonltrile» but 
affected characteristically by btie phenyl group.
The addition reactions of aerylonitrile and some of its derivatives 
with labile hydrogen-containing eompousià» have been studied extensively, 
Aerylonitrile reacts readily with amines, mercaptans, alccAols, and 
phenols to form the correspcmdlag 2-cyanoeUiylamlnes, 2«cyanoethylsul* 
fldes, and 2 -cyaaoethylethers. Unsymmetrieal r ^ e n t s  add to simple 
sotefins la such a way that the more negative fragment of the reagent adds 
to the double-bonded carbmi carrying the smaller number of hydrogen 
atoms, la  agreement with Marhowniko^s rule. However, wh«m an elec* 
tron*withdrawing group, such as «-Cs N gr(u%), is  attached to one the 
dodble*bonded carbon atoms, die normal availability of electrons in the 
double bond of the ethylene link will be changed by both a -Ig effect and a 
*M effect. Much expérimental evidence (1*20) has proved that the addition 
of an unsymmetrleal reagent to an ^ —unsaturated nltrile proceeds by 
atWitioo to the dmAle b<md in a direction opposite to that predicted by 
Markownikoff's rule, resulting la 0  -substituted propionltriles,
Z-CHjjCHjCN.
Simple olefins act as nucleophiUc substances in their addition 
reactions and react readily with electrophUic substances such as strong
1 -
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acldA «ad halogen#. They do not react readily with BucleqphiUc #ub* 
atanees each a# amine#» mereaptui#» alcohol#. The aetnal meohaaiam 
I# preaaamd to be as fallows la the reactlcm of H^CHsCB  ̂with MK 
(Strong acid);
♦ X*
*i -<> . t+; E
♦ H -----
R-CT-CH^ ♦ X"  *‘R-CH*CH^
The addition of a strong electron-wiü&dr&wing grotgp, such as 
•CSK» withdrawing electron# from the double bond, causes this double 
bond to act now a# aa electrqphllie groi# la It# addition reaction# and to 
r ^ c t readily with the aucletqphlllc reageids. The general reaction of 
aerylonitrile with amiiie#, mereaptaas, and phenol# then may be postu­
lated to take place accwding to the following mechanism;
RZH 4 = = ?  (a2>* ♦ B*
rasJCH. ♦ (R Z )* ------------ »CT-CH*ZE
CN  ̂ C n ^
L->
.•H jSa .  H* —  -r g ^ -C H jZ a
(Here, R is  alkyl or aryl group; Z is  S, N, or O atom)
If there are two labile hydrogen atoms attached to the amine ni­
trogen atom (primary amÿ#es). It Is possible to form a di(2-cyaaoethyl) -  
amine, RNCCH^CH^CK)̂ , by a secondary reaction In which the priinary 
am ine-aitrlie product may act in a manner similar to the original amine 
In the mechanism above. R Is believed that the secondary reactioo is  
favored by higher tenqterature, especially if an excess of aerylonitrile is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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present.
Vtixxmrf amines react with one or two moles ot aerylonitrile to 
give 2^yanosthylamiaes (HKHCH^CH^CN) author) -eyanoethy 1)̂  
amines (BN(CSgCB^CN%p depending on the reaction conditions. Thus 
miatiires of the corresponding "Cyanoethylamines and(or) N, K*his- 
(2*<yamoethyl)amines were ohtained by the reaction cd an excess c£ 
acrylonUrile with aniline, p-toluldiae, m*toluldine, and p-anlsidine in 
the presence of acetic acid (1). Acrylcmltrile reacted with the following 
primary amhiea to give N*2*cyanoethylamlnes: bmmylamlne (2), methyl- 
amine (3), ethylamlne (4), propylamine, and isopropyiamine (3, 6).
When ethylamlne was heated with an excess of aerylonitrile, H, N-bis* 
(2-cyanoethyi) ethylamlne (4) was formed.
Secondary amines react with aerylonitrile to gi?e 3-cyano&thyl- 
dialkyl (car aryl) amines. Corse, Bryant, and Shonle (7) reported good 
yields In the addition reacticms of aerylonitrile with twenty-one different 
secondary alkylamines.
Heterocyclic bases containing two imino gronps, such as piperaalne 
and hydrogenated pyrimidines (8, 9) reacted with two molecules of 
aerylonitrile —  one adding at each imino group.
Aerylonitrile reacted with hydrogen sulfide (1C> to form bis-(2- 
cyanoethyt) sulfide and with ali^mUc or aromatic mercaptans to give 
the corresponding 2-cyanoethylsulfides (HSCH^CH^CK). Hurd and 
Cershbein (11) reported that benayl, hydroxyethyl, and phenyl mercaptans 
added to aerylonitrile in the absence of alkalies to give good yields of the 
corresponding 3-cyaaoethyl sulfides.
Water reacted with aerylonitrile to produce bid-(2-cyanoetbyl)- 
ether (12, 13, 14). Aerylonitrile adds to aliphatic alcohols forming 
2 -cyaaoethylalkylether s  (ROCH^CH^CN) (15); and to the hydroxyl groups 
of phenols to give 2-cyanoethylarylethers. Thus, phenol gave 2-cyano-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
•  4 •*
ethy%>henyWher (16). la fha same manner, m-^hlorophenol,
0 «iiaplxthol, cresols* xylenols» hjdroxyantbraqmiiioaes, hydro^Orbi- 
l^eayls, and bydrojQrqiiiiioUnes reacted witb acryl^mitrUe to give the 
eorrespcoding S^cyanoethyl aryl ethers (16).
These addition reacticma are commonly known aa eyanoethyl- 
atloaa. Similar reactions are possible with eubstltisted acrylonitrllea.
For eacaiE l̂e» the fedlowing results have been reported: Methacrylmiltrila 
reacted with unsaturated mmiohydric alcc^ols (17) to give «cyano- 
^ -methylethyl ethers ( ^-alkoay- X-methyl*proplonitrÜeB) (liOCHgCH 
(CH )̂CK); c< *monoaikyl(methyl, ethyl, butyl, and amyl) cr halogen 
(Cl, 2r) sW)stituted acrylonitriles have been added to aUg^tic alcohols 
to yield (^-alkcxy- •substituted pr^^ionitriles (ilOCHjÇîîCK) (IB);
ck -alkylacrylonltriles reacted wiüi mercaptans (19) to give ^ •mercapto* 
</ -alkylproplonitrlle» (RS CĤ CJIK* CN), where R Is an alkyl or an aryl 
grovp and R* is  an alkyl group; ^  •alkylacrylonitriles reacted with 
thi(^)henol (20) to give ^  -alkyl* ̂  -(phenylmereapto) prc^lonitriles.
The addition reactions of amines with one vlnylog of aerylonitrile, 
2, 4«pentadlenenitrUe(CH2*CH*CH«CH»CN), have been Investigated (21). 
These proceeded readily to yield 6-substitated-amlno-3*pentenenitrllcs, 
RgNC3gCI3["CHCHg,CM. Eecmidary amines and arylamines failed to add. 
These results art in accordance then with Angell's Rule of Vinylogy (22) 
which states that In compounds of tiie structure 21*(CH«CE)^-Y, the 
groups Z and Y should act very much as though they were directly at* 
tached (2-Y).
The object in the present work has been to prepare c< -cyanostyrene 
( << •phenyiacrylonltrile) and compare Its addition reactions with aucleo* 
pbillc reagents to those of ttis same reagents with aerylonitrile. This 
should give an insight into A s effect of the phenyl group in the /^-poslthm 
upon the reactivity of this type of conjugated system (*C»à»Cz N). U
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
#* $  *»
waa Xurther deaired (Part IE of this paper) to prépara another viaylog 
of acryl<mitrile, p-cyaaustyreae, # and conipare th e
cm cH ^
reactivity of the ethylene group in c< «cyanoetyrene, aerylonitrile, 
and 2 ,4  «pentadienenltrile. p-Cymnostyreme would represent the vlnylcg 
type, with the two linking vlnylene groups as
part cf a beasene ring system.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CüATT^ l̂X n  
Dlseiîsaloa
o( *Cy&aoëtyr#ae(atrop(mitfÜe, or o< -phenylacrylonîtrlle) 
bwm mada previously by two dlflereat methods. la accordance with 
the process outlines In Clifford and Lon »̂ U. S. Patent 3,332,049 (22), 
o( «cysnastyrene was produced by pyrolysis of aeetophesoae eyanhydrin 
acetate. Walker (24) used the reaction of phenjlacetonitrtle with for* 
maldohyds to give oi -hyrdcmymethyl i^enylacetoaitrile, followed by 
pyrolysis of this compound to yield ca -cyanostyrene.
^ÿ-CHjCN ♦ HCHO ..- ^ 8 ? ^ * — » |i,-ÇBCajOH
igj-^CHjOa -ÏG SfiC tiS--, 0
m this work the ^«cyanostyrene was m&da by Walker*» method 
using example VH of the patent. %t was found that the c< *cyanostyreme 
could not be redistilled without extensive dimérisation and polymariaatkm 
taking place «*** even la the presence of the various common addition 
polymeri^tion inhibitors. The crni^ d  «cyanostyrene from the first 
flash distillation, after drying, had a refractive index very close to that 
reported for the pure compound  ̂ and was ccmsidsred pure enough for 
use in this investigation.
Addition reactions of oC «eyanos^reae have not previously been 
studied with the exception cl its dimeriiatlon and polymerisation (24,23,23).
* 6 •
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la this investisatlûfi the addition reactions of ^  -cyanostyrene with 
primary and secondary amines, mercaptans, and phenol have been 
investigated. The use of a basic catalyst was found to promote these 
reactions and Triton B(benayltrimcthyiammonium hydroxide) was used 
as the catalyst in all examples reported^except the reaction with phenol.
Amines reacted readily to give fair yields of d, -phenyl-/^ -sub- 
stituted*amino-propionitriles |  or
These products underwent extensive decomposition adien atten^pts were 
made to isolate and purify them by distillation. They were, therefore» 
isolated and purified as their hydrochloride salts. Table I lists the 
amines used and the percentage yields, melting points» and analyses 
for these hydrochlorides. The basicity of the amine and sterlc hindrance 
both apparently play an important role in determining the yields obtained. 
Aniline failed to give an addition compound under die conditions used. 
Diethyiamine gave a product whose hydrochloride could not be crystal­
lised. hi no ease were any secondary products derived from the addition 
of two molecules of ^-cyanostyrene to one of a primaryamine obtained.
TABLE I
Hydrochloride Salts of - Phenyl- /^-Substituted-Amino- 
Pro#onitriles ( ^-CHCH^NH(H)H'HCl)
Amine Used Crude Hydrochloride iPure Hydrochloride
Yield M. P .* M. P .# Per cent Chlorine
% Calcd. Found
£thyiamine 4*f.6 161-143 143-143 16.83 36.82
Isopropyiamine 38.8 155-159 158.5-160 15.78 15.76
Benzy lamine 47.4 162-164 163-164 13.00 13.27
Piperidine 56.0 141.5-143. 5 144-145 14.13 14.26
Dimethylamine 45.2 129-133 131.5-133 16.82 16.81
Diethyiamine 35.7 Œ1
Aniline 0.0
men as
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In the  re a c tio n s  of o t-cyanosty rene  w ith m ercap tan s , five d if fe r ­
en t m e rc a p ta n s  w ere  used . T rito n  B w as u sed  a s  ca ta ly s t. The p r o ­
d u c ts  of n -b u ty l and te r t-b u ty l  m e rc ap tan s  w ere  o ils  w hich could oe 
d is til le d  w ithout decom position . The p roduc t of the  benzyIm ercap tan  
re a c tio n  w as an o il w hich could not be vacuum  d is til le d  without decom ­
position  and could not be s te a m  d is tille d . The p roduc t of th iog iycolic  
a c id  w as a  re s in o u s  su b stan ce  w hich could not be p u rif ie d  by vacuum  
d is tilla tio n , by s te a m  d is tilla tio n  o r by c ry s ta lliz a tio n . T h io -^ -n ap h th o i 
gave no iden tifiab le  addition  p roduc t. T able n  l i s ts  the y ie ld s , boiling 
po in ts, re f ra c tiv e  in d ices , and an a ly se s  fo r th e se  m e rc a p to n itr ile s . A 
com pai’ison  of the y ie ld s  wxth n -b u ty l and  te r t-b u ty l  m ercap tan s  i l lu s ­
t r a te s  the  e ffec t o  ̂ s te r ic  h ind rance  on the  r a te  of th is  re ac tio n .
TABLE II
c < -P h e n y l-^ -M e rc a p to -P ro p io n itr ile s  ( /,-ÇHCH^SR)
CN ^
C rude P ro d u c t P u re  P ro d u c t
-M ercaptan Y ield B. P . B. P . R efr. A nalyse s*
U sed Index
% °C C alcd. Found C alcd, r  ound
n Butyl
te r t-B u ty l
T hiogiycolic
A cid
51.4
23 .0
39-6
144-40 
(2m m . ) 
125-40 
(2 ram . )
144-46 1 .5340 
(2m m .) (22^C) 
132-34 1.5340 
(iin m . ) (2 0 ^ 0
71 .13  71 .33  
71 .18  71 .34
7 .81  7 .68
7 .8 1  7 .8 5
♦ fwücroarialyses fo r carbon  and  hydrogen w ere  p e rfo rm e d  by the  
C lark  hx icroanaly tica l L ab o ra to ry , U rbana, Illin o is .
In the re a c tio n  of o<-cyanostyrene w ith phenol, sodium  w as u sed  
in s tead  of T rito n  B a s  c a ta ly s t to  y ie ld  a  liqu id  p ro d u c t which could be d is ­
t i l le d  w ithout decom position- The y ie ld  of the add ition  p roduc t w as low 
under th e  conditions used .
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CHulPTZE m  
ExpgriiO entai
P re p a ra tio n  of << -C yanosty rene  ( ^ -P h e n y ia c ry lo n ltr i le )
A so lu tion  of 0 .7  g, (0 .030  m ole) of sodium  d isso lv ed  in 5o m i. 
of m ethanol w as p re p a re d  in a  251) m l. th re e -n e c k e d  fla sk  equipped 
w ith a  s t i r r e r ,  a  th e ro m e te r  and a  co n denser f itted  with a  dropping fun ­
n e l a t the  top, and su rro u n d ed  by a  w a te r bath. To th is  so lu tion  was 
added w ith s t i r r in g  22 g. (0 .733 m ole) of parafo rm aldehyde a t a  te m p e r ­
a tu re  of 50-55°. A fte r a so lu tion  w as fo rm ed , 78 g. (0. 666 m ole) of 
oenzyl cyanide w as added  dropw ise fro m  the  dropping funnel during  20 
m inu tes, keeping the te m p e ra tu re  a t 50-55° with the occasional addition  
of ice  to  the  bath . A fter the exo therm ic  re a c tio n  w as over, s t i r r in g  
w as continued fo r 1 1 /2  h o u rs  a t  55-60°. The m ix tu re  w as then  n eu ­
tra l iz e d  by adding the re q u ire d  auiount of a  d ry  II C l-m ethanol so lu tion .
The bulk of the  m ethanol w as s tr ip p e d  off under p a r tia l  vacuum  a t ro o m  
te m p e ra tu re , and the  rem a in in g  v isco u s p ro d u c t w as fla sh  d is til le d  a t a  
p o t te m p e ra tu re  of 220-245° under red u ced  p re s s u r e  (4-6 m m .) into a  
r e c e iv e r  containing a  li t t le  p ic r ic  ac id . T h is d is til la te  was d r ie d  over 
anhydrous m agnesium  su lfa te , y ield ing  6 5 .6  g. (76. 3% yield) of <=< -c y a ­
nosty ren e ; b .p . 90-105° (4-6 mm); n^^*^ 1 .5505 . vVaïker (24) re p o r te d
25u .p . 95 -98° (4-6 m m .); n _  1 ,5499 . C lifford  and Long (23) re p o r te d  
b .p . 99-103^ (IT̂  m m .); n ^  i .  5475.
A ddition R eac tions of -C yan o sty ren e  and  A m ines 
(a) E thy lam lne and D im ethylam ine
To 0. 2 m ole of the  am ine  and 1 d rop  of a  40% so lu tion  of b e n z y ltr i-
9 *
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m éthylam m onium  hydroxide (T rito n  B) in  a  p r e s s u r e  bo ttle  which had 
been  p rev io u s ly  ch illed  m  a r e f r ig e ra to r  w as added rap id ly  12 .9  g,
(0. i  m ole) of ch illed  o< -cy an o sty ren e  and the bo ttle  w as s e a le d  im m ed i­
a te ly . The re a c tio n  m ix tu re  w as tiien hea ted  on a  w ater bath  a t 50^ lo r  
20 m inu tes and  allow ed to  s tan d  overn igh t a t  room  te m p e ra tu re . The 
n ex t day i t  w as hea ted  on a  w a te r oath a t ôû^ fo r m inutes. A fter 
the  re a c tio n  m ix tu re  had  cooled, the  low boiling am ine w as s tr ip p e d  
off under p a r t ia l  vacuum . The rem a in in g  m ix tu re  w as taken up in 50 m l. 
of oenxene and  e x tra c te d  s e v e ra l  t im e s  w ith sm a ll p o rtio n s  of ON HCi 
so lu tion , u n til the  e x tra c t  w as ac id ic . The com bined e x tra c ts  w ere  e x ­
tra c te d  once w ith dO m i. of benzene to  rem o v e  any rem ain ing  -cy an o ­
s ty re n e . The ac id  so lu tion  w as then  m ade b asic  by adding oN NaOH 
so lu tion , and the  basic  so lu tion  w as e x tra c te d  w ith th re e  50 m l. p o rtio n s  
of benzene. The com bined benzene e x tra c ts  w ere d r ie d  over anhydrous 
p o ta ss iu m  ca rb o n a te  and f il te re d . Into the  d r ie d  f i l t ra te  w as p a s se d  d ry  
HCi gas and the  p re c ip ita te d  h yd roch lo ride  w as f il te re d , w ashed with 
e th e r , and d r ie d  under vacuum . A fte r w eighing th is  p roduct to obtain 
the  p e rcen tag e  y ield , i t  w as re c ry s ta l l iz e d  s e v e ra l  tu n e s  fro m  abso lu te  
e th a n o l-e th e r  m ix tu re s .
( i )  Iso p ro p y la ir ine and D iethyiam ine
To 0. 2 m ole of tiie am ine  and 1 d rop  of 40% T rito n  B solu tion  in 
a  p r e s s u r e  bo ttle  w as added d ropw ise  a t room  te m p e ra tu re  1 2 .9  g. (0 .1  
m ole) of oc-cyanostyrene. The re a c tio n  v e s s e l  w as capped and hea ted  in 
a  w a te r bath a t  50^ fo r  20 m inu tes and  allow ed to  s tan d  a t room  te m p e ra ­
tu re  overn igh t. T he next day th e  m ix tu re  w as h ea ted  a t 60® fo r  20 m inu tes. 
T he re su ltin g  m ix tu re  w as t r e a te d  by the  sam e  p ro c e d u re  a s  d e sc r ib e d  in 
th e  e thy lam lne and d im ethy lam ine re a c tio n s . The h y d roch lo ride  of the  
d ie thy iam ine  addition  p ro d u c t w as an o il and  could  no t be c ry s ta lliz e d . 
H ow ever, a  p ic ra te  of the addition  com pound w as p re p a re d , having
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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m .p. 128.5-130°. Anal. Calcd. for C, 52.89%; H, 4.90%
Found : C, 52.68%; H, 4.72%.
(c) Benzy la mine and Piperidine
To 0. 2 mole of the amine and 1 drop of 40% Triton B solution in 
a 125 ml. Erlenmeyer flask which had already been heated to 50° was 
added dropwise with shaking 12.9 g. (0.1 mole) of oi -cyanostyrene.
After 20 minutes further heating at 60°, the reaction mixture was allowed 
to stand at room temperature overnight. The next day the reaction mix­
ture was heated again for 20 minutes. After standing two days at room 
temperature, the reaction mixture was taken up in 50 ml. of benzene 
and washed with three 25 ml, portions of distilled water to remove the 
unreacted amine. The washed benzene solution was then treated as 
described for the other amines.
Addition Reactions of -Cyanostyrene and Mercaptans
(a) n-Butyl Mërcaptan
To a mixture of 21 g. (0.233 mole) of n-butyl mercaptan and 
2 drops of 40% Triton B in a pressure bottle was added dropwise over a 
period of 5 minutes 25.8 g, (0. 2 mole) of -cyanostyrene. The bottle 
was sealed and after a short time a slightly exothermic reaction was
noted. The mixture was allowed to stand at room temperature for 70
ohours, and then heated at 95 for 1/2 hour. After cooling, the reaction 
mixture was taken in ether, washed repeatedly with 5% aqueous KOH, 
and then dried over CaClg. Ether and any still remaining butyl mercap­
tan were stripped off under partial vacuum with a final temperature of 
80°. The crude product then weighed 32 g. Instillation gave 22. 5 g.
(51.4% yield) of colorless oilf b. p. 144-146° (2 mm. ). Redistillation
22gave a colorless oil of the same boiling point; n^  1. 5340.
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(b) T e r t -B u ty l M ercap tan
To a  m ix tu re  of 13. 5 g. (0 .15  m ole) of t e r t -bu ty l m ercap tan  and
i. d rop  of 40% T rito n  B so lu tion  in  a  p r e s s u r e  b o ttle  w as added d ropw ise
12 .9  g. (0 .1  m ole) of ck -c y an o sty ren e . A fter sea lin g  the  bo ttle , th e re
w as no no ticeab le  h ea t of re a c tio n . A fte r 24 h o u rs  a t  room  te m p e ra tu re ,
a  seccmd d rop  of T rito n  B so lu tion  w as added to  the  re a c tio n  m ix tu re  and
the  m ix tu re  w as then  le ft standing  fo r  5 w eeks. E x c e ss  m ercap tan  w as
rem o v ed  under vacuum . D is tilla tio n  then  y ie lded  3 g. (23% yield) of
c o lo r le s s  o il boiling fro m  125-140° (2 m m .) . On re d is tilla tio n , th e re
20w as obtained  a  c o lo r le s s  oil, b .p . 132-134 (1 m m .); n ^  1. 5340.
(c) T h io - ^  -N aphthol
A so lu tion  of 24 g. (0 .13  m ole) of th io -  ^ -n a p h th o l and  2 d ro p s  of 
40% T rito n  B  so lu tion  in  70 m l. of benzene w as h ea ted  to  i ts  reflux ing  
te m p e ra tu re  and 1 2 .9  g. (0 .1  m ole) of (X -cyanosty rene  w as added d ro p - 
w ise  to  the  hea ted  benzene so lu tion  w ith constan t s t i r r in g . The re ac tio n  
m ix tu re  w as fu r th e r  h ea ted  a t th e  re flux ing  te m p e ra tu re  fo r  20 m inu tes 
and  allow ed to  s tan d  overn igh t a t  ro o m  te m p e ra tu re . The nex t day the 
re a c tio n  m ix tu re  w as again  hea ted  a t Its  re flux ing  te m p e ra tu re  fo r 20 
m in u tes . A fte r 72 h o u r^  s tand ing  a t  ro o m  te m p e ra tu re , th e  re a c tio n  
m ix tu re  w as w ashed w ith 25 m l, p o rtio n s  of 5% KOH solution  and  two 
50 m l, p o rtio n s  of w a te r to  rem o v e  the u n re a c te d  th io - ^  -naphthol. The 
w ashed  benzene so lu tion  w as d r ie d  over CaClg, f i l te re d , and th e  benzene 
w as s tr ip p e d  off under red u ced  p re s s u r e  to  give 15. 5 g. of re s in o u s  m ix ­
tu re .  A fte r one c ry s ta lliz a tio n  fro m  benzene, 2 g. (6.9%  y ie l4  of so lid  
p ro d u c t m elting  a t  134-140°, and  13. 5 g. of oily substance  w ere  obtained . 
Two fu r th e r  re c ry s ta lU z a tio n s  of the so lid  p ro d u c t fro m  benzene gave a  
p u re  p ro d u c t m elting  a t  140-141. 5°
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(d) T h iogiycolic A cid
To 1 3 .8  g . (0 .1 5  m ole) of r e d is t i l le d  th iog iyco lic  a c id  and  64 g. 
of 40% T rito n  B  so lu tion  in  a  125 m l. E rle n m e y e r  F la sk  hea ted  p rev io u sly  
to  60° w as added d ropw ise  1 2 .9  g. (0 .1  m ole) of -cy an o sty ren e . T he 
re a c tio n  m ix tu re  w as fu r th e r  h ea ted  a t  60° fo r  20 m inu tes and  allow ed to  
s tan d  a t  ro o m  te m p e ra tu re  overn igh t. The nex t day i t  w as again  h ea ted  
a t  60° fo r  20 m inu tes. A fte r s tand ing  a t  ro o m  te m p e ra tu re  fo r  48 h o u rs , 
th e  m ix tu re  w as taken  up in  50 m l. of benzene and  w ashed  w ith fou r 
25 m l. p o rtio n s  of 5% Na^CO^ so lu tion . The a lk a lin e  aqueous so lu tion  
w as then  ac id ified  w ith 3N HCI, s a tu ra te d  w ith N aCl, and  e x tra c te d  
s e v e ra l  t im e s  w ith  e th e r . The com bined  e th e r  e x tra c ts  w ere  d r ie d  over 
anhydrous MgSO^ and  f ilte re d . A fte r the  e th e r  w as s tr ip p e d  off, the 
re s id u e  w as vacuum  d is til le d  under A rgon a tm o sp h e re  a t  po t te m p e ra tu re s  
below  110° to  rem o v e  u n re a c te d  th iog iyco lic  ac id , leav ing  8. 8 g. (39.6%  
yield) of re s in o u s  m a te r ia l  in  the  d is tillin g  fla sk . T h is m a te r ia l  w as 
w a te r  so lub le  and  is  a ssu m e d  to  be the  c ru d e  p ro d u c t. It cou ld  not be 
p u rif ie d  by c ry s ta lliz a tio n  n o r d is tilla tio n .
(e) B enzy lm ercap tan
To 1 8 .6  g. (0 .1 5  m ole) of b en zy lm ercap tan  and  1 d rop  of 40% 
T rito n  B so lu tion  in  a  125 m l. E rle n m e y e r f la sk  hea ted  p rev io u sly  to  
60° w as added  d ropw ise  12 .9  g . (0 .1  m ole) of oc-cyanostyrene. The 
re a c tio n  m ix tu re  w as fu r th e r  h ea ted  a t  60° fo r 20 m inu tes and  allow ed 
to  s tan d  a t ro o m  te m p e ra tu re  overn igh t. The n ex t day the  re a c tio n  
m ix tu re  w as h ea ted  again  a t  60° fo r  20 m in u tes . A fte r 72 hours* 
stand ing  a t  ro o m  tiii^^perature, i t  w as taken  up in  50 m l. of e th e r  and 
w ashed  w ith  fo u r 30 m l. p o rtio n s  of 5% KOH so lu tion  to  rem o v e  any 
u n re a c te d  benzy lm ercap tan . The w ashed  e th e r  so lu tion  w as d r ie d  e v e r
C a C l. and  f i l te re d . A fter the  e th e r  w as s tr ip p e d  off, th e re  w as 1 9 .9  g.
29of c ru d e  p ro d u c t obtained, having n ^  1. 5770, w hich could  no t be vacuum
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-  14 -
d is til le d  w ithout decom position  and  cou ld  no t be  s te a m  d is tille d .
A ddition R eac tion  Of U -C yanosty rene  w ith P henol
To 1 3 .8  g. (0 .1 5  mole) of phenol, 0 .1  g . of sod ium  and a  li t t le  
c u p r ic  a c e ta te  (inh ib itor) d isso lv ed  In 50 m l. of benzene in  a  125 m l. 
E rle n m e y e r  f la sk  and  hea ted  p rev io u s ly  to  60^ w as added dropw ise
12 .9  g . (0 .1  m ole) of -c y an o sty ren e . The m ix tu re  w as fu r th e r  h ea ted
a t  60*  ̂fo r  20 m inu tes and allow ed to  s tan d  a t  room  te m p e ra tu re  o v e r ­
night. The nex t day i t  w as again  h ea ted  a t  80^ fo r  20 m inu tes. A fte r 
stand ing  a t  ro o m  te m p e ra tu re  fo r  43 h o u rs , the  re a c tio n  m ix tu re  w as 
w ashed  w ith fo u r 25 m l. p o rtio n s  of w a te r  an d  then  w ith th re e  25 m l. 
p o rtio n s  of 10% NaOH so lu tion  to  rem o v e  any u n re ac ted  phenol. The 
w ashed  benzene so lu tion  w as d r ie d  ov er CaCl^ and  f ilte re d . A fte r the 
benzene w as s tr ip p e d  off, the  v isco u s  p ro d u c t w as vacuum  d is til le d  to  
y ie ld  2 g, (9%) of c ru d e  p ro d u c t boiling a t  95-98^ (2-3  m m . ); n ^  1. 5380.
On re d is tll la tio n  th e re  w as ob tained  a  c o lo r le s s  o il, b .p . 84-85^ (1 m m .); 
27
n ^  1 .5340. A nal. Calcd. fo r  C^gH^^NO: C, 80.72% ; H, 5.35%
Found : C, ÔO,ÿé%; H, 6-o3% .
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CHAPTER IV 
S um m ary
a . o<.-Cyanostyrene w as p re p a re d  by the  dehydration  of 
c< -h y d ro x m eth y lp h en y l-ace to n itrile .
b . The add ition  re a c tio n s  of =< -c y an o s ty ren e  w ith d im eth y l- 
am ine, e thy lam lne , d ie thy iam ine , isop ropy iam ine , benzy lam ine , p ip e r  
id ine, an ilin e , n -b u ty lm ercap tan , te r t-b u ty Im e rc a p ta n , b en zy lm ercap ­
tan , th io - ^  -naphthol, th iog iyco lic  ac id , and  phenol w ere  s tud ied .
-  15 -
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PAJ&T U
PREPARATION AND SOME ADDITICaNT REACTIONS 
OF p-CYANOSTYRENE
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CHAPTER I
In troduction
CH«CH2
p -C y an o sty ren e , , m ay be co n s id e red  to be a
CN
'k inylog oI a e ry lo n itr i le , CHg^CHCN. V inylogs a r e  com pounds of the 
type X-(CH»CH)^-Y in which the group X and the  group Y, linked  through 
one o r  m o re  conjugated  vinylene g roups, tend  to  a c t m uch a s  though they 
w ere  d ire c tly  connected, p -C y an o sty ren e  would co rre sp o n d  to  the vmy- 
log, CH^^CH-CCHssCHj^-CN, of a e ry lo n itr i le  in which the two conjugated  
vinylene g roups a r e  p a r t  of the benzene r in g  sy s tem , p -C yanosty rene  
h as  been p re p a re d  by M arve l and  O v ero erg e r (1) by the dehydration  of 
p -cyanopheny lm ethyIcarb ino l a f te r  the following sequence oi re ac tio n s :
B r CN
A  CnCN [§) A l(O CH (CH i)2)j
COCH. COCH }
^  KHS04 _ ^
CHOHCH, CH*CH,
B r B r B r
(Jï! Mg CH3CHO #  CuCn  Î
B r îvîgBr ^ CHOHCH.V
It h a s  a lso  been p re p a re d  a s  ou tlined  in a  B rit ish  p a ten t to  the W ingfoot 
C o rp ., A kron, Ohio, (2) acco rd ing  to  the follow ing ro u te :
CN CN CN
""""" ' L e » ,
-  19 -
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The Wingfoot process could not be duplicated in this work 
— probably due to lack of information in the patent abstract. The 
method reportedly gave a low yield any way. The reported yield by 
the Marvel and Overberger method was also low* especially as a result 
of the last step, but it was decided to use this method ctf synthesis in 
this work with the hope of improving the yield in the last step.
As p-cyanostyrene is  a vinylog of acrylonitrile. It appears that 
it should undergo additioa reactions of a similar nature with nuclecphilic 
reagents containing die labile hydrogen atoms«»**merc^tana, amines, 
alcohols, and phenols*—in accordance with the following representative 
equation:
CN C3Î
(Here, R is  alkyl or aryl groiq>; Z is  N, S, or O atom)
Reactions of this type have not apparently been attempted previously.
R appmured of ixderest, therefore, to determine the effect of the 
grotq îng in this conjugated relationship with the ethylene group tq>on 
its reactivity toward mucleo%Ailic reagents— as compared toacryUmitrile 
and oc-idienylacrylonitrile.
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CHAPTER n  
Piscttssloli
The preparation of p^yanoetyrene was a modified version of 
that used by Marvel and Overberger (!)• The p-bromoacetophenone 
need by them as starting material was prepared by the method of Adams 
and Holler (3) by acétylation of bromobenzene with acetic anhydride.
After p-cyanophenylmethylcarbittol had been prepared however, it was 
not dlrecUy dehydrated to p-cyanostyrene as in the Marvel and Over­
berger method, but was first converted to  the acetate which was then 
pyrolysed to deacetylate it to the p-cyanostyrene.
OCOCH3
CHOHCH  ̂ Ac.O CH-CH. CH»CH„
#  ^  ^ ’     #  *
CN CN CN
The yield in the acétylation step was 79% and in the pyrolysis was 61.7% 
which represent a substantial inogprovement over the 20% yield one-step 
dehydration method used by Marvel and Overberger,
Only enough p-cyanostyrene was prepared to allow for study of a 
few rmkctions. Three amines— piperidine, morpholine, and benzylamine 
— and one mercaptan(n-butyl) were used. It appears that p-cyanostyrene 
is  much less active toward addition of nucleophiUe reagents across the 
ethylenic double bond than is  c< -cyanostyrene. The electrcm withdrawing 
effect of the -CN grouping is  apparently not as strong when passed through 
the conjugated vinylene system of the benzene ring as when directly con­
nected to the olefin gro$q». Several trials were made in the reaction of
— 21 —
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n-butyl mercaptsm with p*eyanostyrexi9—<^increaslng the temperature, 
amount of catalyst, and length of ruction  time in each. Table IV showe 
the results of these trials. Even under the most vigorous conditions used, 
the yield was only 13.3% compared to 51,4% for the ot -cyanostyrene 
reaction. Similarly with piperidine, at c<mditions much more vigorous 
than those used in the corresponding reaction with oc -cyanostyraae, 
the yield was 20. B% of the hydrochloride of the addition product, compared 
to a yield of 56% in the c< -cyanostyrene*piperidine reaction. The other 
amines failed to react under the conditioas used*—undoubtedly because 
these conditions were not drastic enough.
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Experimental
P re p a ra tio n  of p>C yanostyrene
The method used was essentially that of Marvel and Overberger 
(1). The steps in this sequence of reactions are described below:
(a) p-Bromoacet(%>henone
- The method of Adams and NoUer (3) was followed.
In a 3 1* round-bottom* three-necked flask equipped with a 
mechanical stirrer, separatory funnel, and a condenser provided with 
a CaCl^ drying tube on adiich a glass tube was connected to carry off 
the large quantity of evolved hydrogen chloride gas, was placed 392 g. 
(2.5 moles) of bromobenaene in 1 1 . of dry C8g. To this was added 
750 g. (5«6 moles) of anhydrous AlCl^. The mixture was heated on a 
water bath at 38-40^ and then 204 g. (2 moles) of acetic anhydride was 
added dropwise during 75 minutes* After the addition of the anhydride 
was completed, the reaction mixture was stirred at the same tempera­
ture for I 3 /4  hours. A condenser was then attached to one of the side 
necks of the reacUon flash, and the carbon disulfide was distilled under 
a slightly reduced pressure at 48^. The time required for this distilla­
tion was 3 1/2 hours. After removal of the solvent, the mixture was 
allowed to cool somewhat; but, while it was etui warm, it was poured 
slowly with stirring over cracked ice to which 60 ml. of cone. HCl had 
been added. The tenq>erature of the decomposing mixture was kept 
below 30^. The small amount of material remaining in the flask was
-  23 -
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deconyxïsed with Ice and 10 ml. of cone. SCI, and added to the main 
product. The decomposed mixture was dhvided into two portions and 
each was extracted with one 300 ml. and one 200 ml* portion of ether.
The extracts were combined and washed twice with water, once with 
300 ml. of 10% NaOH solution, and twice more with u^ter. The final 
water washing was colorless. The washed ether solution was dried 
over CaClg and filtered. After the ether had been stripped oiK, the 
concentrated product was distilled under reduced pressure from a 
Claisen distilling flask. A yield of 337 g. (67 .7^  of p-bromoacetophenone 
was collected at a boiling range of 118-121^(8 mm. )• The distillate 
solidified to colorless crystals, m.p. 31-S3.5^. On redistillation the 
boiling point of the product was 120^(8 mm. ); m. p. 52-53.5^.
(b) p-Cyanoacetophenone
Difficulty was experienced in obtaining good yields in the conver­
sion of p-bromoacetophenone to p-cyanoacetophenone with cuprous 
cyanide. A study was made therefore of the effects oi change of tem­
perature and of the solvent (eepecially as to drying of the solvent) upon 
the yields. Table HI gives the results of this study.
In a round-bottom, three-necked flask equipped with a mechanical 
stirrer, thermometer, and a condenser fitted with a CaCl^ drying tube 
were placed the CuCN, basic solvent, bromoacetophenone, two small 
crystals of p-tolunitrile and two small crystals of anhydrous Cu30^.
The mixture was heated on an electrical heater at the desired tempera­
ture— usually the solvent's refluxlng temperature. After the desired 
reaction time was completed, the reaction mixture was treated by one of 
the following procedures:
Procedure A (4). The reaction mixture was poured while still 
hot (about 100^ into a flask containing 150 ml. of aqueous ammonia
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(%*. Gr« 0.9} and 150 ml. of water. About 140 ml. of benzene was 
added, and the flask was stoppered and shaken until ail the lumps had 
disintegrated. After the mixture had cooled to room temperature,
100 ml. of ether was added and the mixture was filtered using a Buch­
ner funnel. The filtrate was transferred to a large separatory funnel 
and the aqueous layer was separated. Ihe ether-benzene layer was 
washed successively with five 100 ml. portions of 6N NH^Oa solution, 
two IQO ml, portions of 6N HCl solution, and two 100 ml. portions of 
saturated NaCl solution. Ihe ether-benzene solution was dried over 
CaPlg and filtered. The dried solution was distilled on a steam bath to 
remove ether and benzene, and the residue was distilled under reduced 
pressure from a Claisen flasks
Procedure B (5). The reaction mixture was poured slowly 
while stUl hot (about 100^ into a flask containing 800 ml. of water, with 
constant stirring. After cooling, the aqueous solution was extracted 
with three 100 ml. portions of ether. The extracted aqueous layer was 
acidified in a hood with 3N HCl solution and extracted twice with 100 ml. 
portions of ether. The five combined ether extracts were washed with 
100 mL portions of 3N HCl solution several tim es until the ether solution 
became red, and then washed once wiHi 50 ml. of water. The red solu­
tion was dried over Cad^ and then distilled on a steam bath to remove 
ether, and the residue was distilled under reduced pressure from a 
Claisen flask.
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TABLE m
Influence of R eaction  C onditions on the  Y ield  of 
p -Cyanoacetopfaenone
Expt.
No,
P h B r
(g*>
CuCn
(g .)
Solvent
(m l.)
R eaction
T§m p.
R eaction
T im e
(hours)
P ro c e s s  
to  deep, 
re a x . m ix
Y ield
%
1 72 37 P y rid in e
195
120-23 6 A (4) 9 ,5
2 50 25 P y rid in e ^ ^
150
122-32 11 A 13,7
3 50 25 Pyridine^^^
150
122-24 8 A 4 1 .5
4 50 25 CoUidine^^)
150
170-75 6 A 3 8 .6
5 50 25 Quinolinef^^
150
196-218 6 1 /2 A 4 1 ,4
6 163 82 Quinoline^*^
425
150-184 6 B (5) 4 4 .5
7 163 82 Pyridine^®^
400
122-32 11 B 53 .8
(a) P y rid in e  w as no t d rie d , (b) P y rid in e  w as d rie d  
over CaO. (c) P y rid in e  w as d r ie d  o v er BaO  which w as 
la te r  found to  be som ew hat h y d ra ted , (d) C ollidine and 
quinoline w ere  re d is t i l le d , (e) P y rid in e  w as d r ie d  
o v er fu sed  KOH.
(c) p -C yanophenylm ethy lcarb ino l
In a  5 1. round -bo ttom  flask  equipped w ith a  p a r tia l  re flu x  con ­
d e n se r  w e re  p laced  05 g, (0 .655  m ole) of p -cyanoacetophenone, 43 g. 
(0 .235  m ole) of alum inum  isopropoxide, 480 m l, of isopropy lalcohol, 
and  800 m l. of to luene. The m ix tu re  w as slow ly re flu x ed  fo r  one hour 
w ithout rem ov ing  any d is til la te  and then  p a r tia lly  re f lu x e d  ov er a  p e r io d
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of 24 h o u rs  w hile the  ace tone  (by-product) and  som e isopropy la lcoho l 
slow ly  d is tille d . The to luene w as then  d is til le d  under s ligh tly  red u ced  
p r e s s u r e  u n til th e  volum e of the  so lu tion  w as about 200 m l. T he r e a c ­
tion  com plex  w as decom posed  w ith 80 m l. of conc. HCl in  80 m l. of 
w a te r. The re su ltin g  so lu tion  w as e x tra c te d  w ith th re e  200 m l. p o rtio n s  
of e th e r . The com bined e th e r  e x tra c ts  w ere  d r ie d  ov er anhydrous 
MgSO^ and  d is til le d  u nder s lig h tly  re d u ced  p r e s s u r e  on a  s te a m  bath  
to  rem o v e  the  e th e r  and  to luene. A fte r re m o v a l of a l l  of the  so lv en ts , 
the  re s id u e  w eighed 87 g. T h is  p roduc t w as u sed  d ire c tly  fo r  the  nex t 
p re p a ra tio n  of p -cyanopheny lm ethy lcarb ino l a c e ta te . H ow ever, 8 g . of 
the  c ru d e  p ro d u c t w as d is til le d  under red u ced  p r e s s u r e  and 6 g. of 
s ligh tly  yellow  d is til la te  w as co llec ted , b .p .  162-168° (9-10 m m .); 
n^® 1 .5465  (L it . ,  b .p .  155-158° (6 m m .); n ^  1 .5474).
( j)  p  -  Cyanopheny 1 m ethyIcarb i n o lace ta te
A m ix tu re  of 85 g. (0. 578 m ole) of c ru d e  p-cyanophenyIm ethy 1 -  
c a rb in o l and  75 g. (0 .735  m ole) of re d is t i l le d  a c e tic  anhydride w as p laced  
in  a  200 m l. round-bo ttom  fla sk  f it te d  w ith a  re f lu x  co n d en ser p ro v id ed  
w ith a  CaClg drying tu b s . The re a c tio n  m ix tu re  w as h ea ted  to  the  r e -  
fluxing te m p e ra tu re  fo r  7 1 /2  h o u rs . The re su ltin g  m ix tu re  was allow ed 
to  cool and  pou red  onto about 200 g. of c ra c k e d  ice . The aqueous m ix ­
tu re  w as ca re fu lly  n e u tra liz e d  w ith su lid  N a .C O , and e x tra c te d  w ith two 
lOO m l. p o rtio n s  of e th e r . The e th e r  e x tra c ts  w ere  d rie d  ov er anhydrous 
MgSO^. A fte r rem o v a l of th e  so lven t, the  re s id u e  w as distlllf:s? under 
re d u ced  p re s s u r e .  A y ie ld  of 86 g. (79%) of p -cyanopheny lm ethy lcarb ino l- 
a c e ta te  w as co llec ted , b .p . 130-135° (1 m m .) ;  n ^  1 .5143 . T h is  is  
ap p aren tly  a  new com pound.
(e) p -C y an o sty ren e
A 25 m m . I. d. P y re x  p y ro ly s is  tube f ille d  w ith g la s s  beads w as
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h ea te d  to  a  te m p e ra tu re  of 530-575^ in a  v e r t ic a l  e le c tr ic a l  h e a te r  
and  60 g. of p -cy anopheny lm ethy lcarb ino lace ta te  contain ing  0 .1  g. of 
p ic r ic  a c id  w as d ropped  th rough  i t  o v e r a  p e r io d  of 50 m inu tes. The 
r e c e iv e r  con tained  som e p ic r ic  a c id  w as coo led  in an  ice  bath . D is ti l­
la tion  of th e  p y ro ly s is  m ix tu re  in  an  A rgon a tm o sp h e re  gave 2 3 .3  g.
(61.7%) of c o lo r le s s  liqu id , b .p . 100-110® (9-10 m m . ); n ^  1 .5740 . 
M arve l and  O v e rb e rg e r (1) re p o r te d  b .p .  102-104® (9 m m .); n ^
1. 5781.
Addition R eac tions of p -C y an o sty ren e
(a) With n -B u ty lm ercap tan
The p -c y an o s ty ren e  w as added  d ropw ise  to  a  1. 5 m o la r e x c e ss  
of a -b u ty lm erc ap tan  w ith a  few d ro p s  of 40% so lu tion  of T rito n  B a s  
c a ta ly s t p rev io u sly  h ea ted  to  a  d e s ire d  te m p e ra tu re . The re a c tio n  
m ix tu re  w as *urther h ea ted  fo r a  s e t  p e r io d  of tim e  and  then allow ed 
to  s tan d  overn igh t a t  ro o m  te m p e ra tu re . The re su ltin g  m ix tu re  w as 
d is til le d  under red u ced  p re s s u r e .  The add ition  p ro d u c t, p-cyanophenyl- 
e th y l-n -b u ty l th io e th e r, w as co llec ted  a t  a  bo iling  ra n g e  of 180-162®
(1 m m .); n^^*® 1 .5485 .
A nal. : C alcd. fo r : C, 71.23% ; H, 7 .81%
Found* : C, 71.01% ; H, 7.71% .
* IvU croanalyses fo r ca rb o n  and  hydrogen  w ere  p e rfo rm e d  by the  
C lark  M ic ro an a ly tica l L ab o ra to ry , U rbana, I llin o is .
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TABLE IV 
p  - Cyanopheny le thy l -n  -B uty l «T h ioether
Expt.
No.
p -C y an o ­
s ty re n e
(g .)
n-BuSH
(g .)
T rito n  B 
No. of 
d ro p s
T e m p e ra tu re  
D uring  Add. F u r th e r  
p -cyano  - hea ting  
s ty re n e
T im e fcr Y ie ld
fu r th e r
h ea ting
(m in. ) %
1 12 .9 1 3 .5 1 40 60 40 -
2 11 .0 12 .0 3 98 93 40 5 .2
3 8 .8 9 .0 3 98 98 90 1 3 .3
(b) W ith P ip e rid in e
To a  m ix tu re  of 8 .3  g , (0 .097  m ole) of p ip e rid in e  and  3 d ro p s  of 
40% T rito n  B so lu tion  hea ted  to  i ts  re flux ing  te m p e ra tu re  (about 107®) 
w as added dropw ise 8 .4  g. of p -c y an o s ty ren e  (0 .065  m ole). A fte r h ea tin g  
an  additional 40 m inutes a t  the sam e  te m p e ra tu re , the re a c tio n  m ix tu re  
w as allow ed to  s tand  overn igh t a t  ro o m  te m p e ra tu re . The m ix tu re  w as 
then  taken  up in 50 m l. of benzene and  w ashed  w ith th re e  25 m l. p o r tio n s  
of w a te r to  rem ove the  u n reac ted  p ip e rid in e . The w ashed  benzene so lu ­
tion  w as t re a te d  by the  sam e p ro c e d u re  a s  in  th^  p u rif ic a tio n  of am in e  
re ac tio n  p ro d u c ts  w ith o t-cy a n o s ty ren e . T h e re  w as ob ta ined  3. 3 g .
(20. 8%) of c ru d e  N -(p-cyanophenylethyl) -p ip e rid in e  h y d ro ch lo rid e , 
m elting a t  198-202®. A lte r  two rc  «crystallizations f ro m  ab so lu te  a lcoho l 
and e th e r , th e  m elting  poin t w as 201-2Û2®.
A nal, C alcd. fo r C^^H^gClNg : C l. 14.13%
Found : 01, 14.03% .
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CHAPTER IV 
Sum m ary
a . p  C yanostyrene w as m ade acco rd ing  to  the  following
ro u te :
B rom obenzene  >  p -B rom oacetophenone —
p  - C yanoacetophenone ----------------------------------  ► p _ Cyanophenyl -
m ethy icarb in o l —— -3—— > p -C yanopheny lm ethy lcarb ino laceta te
 -----> p -C y an o sty ren e .
b . The addition  re a c tio n s  of p -c y an o s ty ren e  with n -b u ty l-  
m ercap tan , p ip e rid in e , benzy lam ine, and  m orpholine w ere  stud ied .
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